Alzheimer's disease (AD) progresses insidiously from the preclinical stage to dementia. While people with subjective cognitive decline (SCD) have normal cognitive performance, some may be in the preclinical stage of AD. Neurofibrillary tangles appear first in the transentorhinal cortex, followed by the entorhinal cortex in the clinically silent stage of AD. We expected the earliest changes in subjects with SCD to occur in medial temporal subfields other than the hippocampal proper. These selective structural changes would affect specific memory subcomponents. We used the Family Picture subtest of the Wechsler Memory Scale-III, which was modified to separately compute character, activity, and location subscores for episodic memory subcomponents. We recruited 43 subjects with SCD, 44 subjects with amnesic mild cognitive impairment, and 34 normal controls. MRI was used to assess cortical thickness, subcortical gray matter volume, and fractional anisotropy. The results demonstrated that SCD subjects showed significant cortical atrophy in their bilateral parahippocampus and perirhinal and the left entorhinal cortices but not in their hippocampal regions. SCD subjects also exhibited significantly decreased mean fractional anisotropy in their bilateral uncinate fasciculi. The diminution of cortical thickness over the mesial temporal subfields corresponded to brain areas with early tangle deposition, and early degradation of the uncinate fasciculus was in accordance with the retrogenesis hypothesis. The parahippocampus and perirhinal cortex contribute mainly to context association memory while the entorhinal cortex, along with the uncinate fasciculus, contributes to content-related contextual memory. We proposed that context association and related memory structures are vulnerable in the SCD stage. , 2017), an increased risks of dementia conversion was also shown. Furthermore, SCD at baseline also showed progressive neuronal degeneration, which was associated with the degree of further cognitive decline (Stewart et al., 2011) . From the view point of biomarkers studies, SCD has been shown to be associated with hypometabolism in AD-related brain regions using brain positron emission tomography, and a higher prevalence of brain amyloid deposition has been observed among SCD patients than in normal subjects without memory complaints (Amariglio et al., 2012; Vannini et al., 2017) . In addition, an abnormal CSF biomarker was found to be well correlated with the risk of SCD transitioning to AD dementia (Sierra-Rio et al., 2016; Wolfsgruber et al., 2017) . 
| I N TR ODU C TI ON
Alzheimer's disease (AD) is now considered a disease that progresses continuously from the pre-clinical stage to the prodromal stage and, finally, to dementia. While the pathology of the asymptomatic preclinical AD stage can be evidenced only by neuroimaging or AD fluid biomarkers, the AD prodromal stage is characterized by single (usually episodic memory) or multiple domain cognitive deficits without impairment to daily functions and by AD neuroimaging or fluid biomarkers.
Finally, AD dementia is presented as cognitive and functional impairments and is further supported by AD biomarkers (Dubois et al., 2007; Sperling et al., 2011) . By definition, people with subjective cognitive decline (SCD) perform cognitive tasks normally, though some may be in the preclinical AD stage. Therefore, this self-experienced cognitive decline compared to previous performance may be a warning sign of clinical dementia. However, the underlying etiology of SCD is heterogeneous and may be associated with some affective conditions, such as anxiety and depression (Reisberg et al., 2008) . Second, the definition and inclusion criteria of SCD also vary among studies and are affected by demographic factors; therefore, further consensus should be established (Molinuevo et al., 2017; Rabin et al., 2015) .
Nonetheless, an increasing number of recent studies have shown SCD to be associated with an increased risk of developing AD dementia ) and mild cognitive impairment (MCI) (SargentCox, Cherbuin, Sachdev, & Anstey, 2011) , and among those who were subjected to apolipoprotein epsilon 4 (ApoE4) genotyping (Slot et al., 2017) , an increased risks of dementia conversion was also shown. Furthermore, SCD at baseline also showed progressive neuronal degeneration, which was associated with the degree of further cognitive decline (Stewart et al., 2011) . From the view point of biomarkers studies, SCD has been shown to be associated with hypometabolism in AD-related brain regions using brain positron emission tomography, and a higher prevalence of brain amyloid deposition has been observed among SCD patients than in normal subjects without memory complaints (Amariglio et al., 2012; Vannini et al., 2017) . In addition, an abnormal CSF biomarker was found to be well correlated with the risk of SCD transitioning to AD dementia (Sierra-Rio et al., 2016; Wolfsgruber et al., 2017) . Furthermore, recent structural neuroimaging studies showed hippocampal and cortical atrophy in other AD-signature regions (Perrotin et al., 2015; Peter et al., 2014; Striepens et al., 2011; van der Flier et al., 2004; Zanchi, Giannakopoulos, Borgwardt, Rodriguez, & Haller, 2017) in SCD patients, which was associated with the progression to dementia (Verfaillie et al., 2016) . In contrast, changes in white matter tract integrity are inconsistent in SCD patients compared to those in normal controls. For example, Wang et al. (2012) found white matter tract degeneration in the bilateral parahippocampal cortices of SCD patients, whereas no significant difference was found in another study (Bartley et al., 2012) .
Because performances in standard neuropsychological assessments are normal in SCD patients, studies showing differences in memory or cognitive tasks between SCD and normal subjects with no cognitive complaints are relatively limited. However, some studies utilizing specific cognitive tasks have revealed that SCD subjects still exhibit early impairment in certain memory components (Koppara et al., 2015) , such as prospective memory (Hsu, Huang, Tu, & Hua, 2015a; Lee, Ong, Pike, & Kinsella, 2017) . However, these studies do not fully clarify the neural correlates of early structural change (e.g., medial temporal structures) in SCD with behavior performance. Episodic memory is composed of two components, content and context memories (Tulving, 1972) , which represent the "item" and "contextual information background," respectively. Based on animal studies, the Binding of Items and Contexts (BIC) model was proposed and extended by Eichenbaum, Yonelinas, and Ranganath (2007) . Two parallel medial temporal subsystems corresponding to context and content memory processing merge these two types of information into the hippocampus (Hunsaker, Chen, Tran, & Kesner, 2013; Knierim, Neunuebel, & Deshmukh, 2013; Schultz, Sommer, & Peters, 2015a) . The medial posterior entorhinal cortex receives contextual information from the parahippocampal cortex and sends it to the anterior hippocampus, whereas the lateral anterior entorhinal cortex receives content information from the perirhinal cortex and sends it to the middle-posterior hippocampus.
Recently, this concept was supported by the discovery of grid cells or nongrid spatial cells in the medial entorhinal cortex (Diehl, Hon, Leutgeb, & Leutgeb, 2017) . In human functional neuroimaging studies, these two systems were activated during object novelty and environmental novelty tasks independently (Kaplan, Horner, Bandettini, Doeller, & Burgess, 2014) . Another study showed altered medial temporal lobe (MTL) subfield network activities in amnesic MCI (aMCI) (Chen et al., 2016; Das et al., 2015) . Nonetheless, rare neuroimaging studies focused on MTL subfield structures delineated the association with behavioral correlation (Das, Mancuso, Olson, Arnold, & Wolk, 2016) .
According to pathological findings, neurofibrillary tangles (NFTs), one of the hallmarks of AD, first appear in the transentorhinal cortex, which locates to the lateral perirhinal cortex (Taylor & Probst, 2008) , followed by the entorhinal cortex in the clinical silence stages (I-II), and then in the limbic areas (e.g., CA1 subfield of the hippocampus proper) and the neocortex (Braak & Braak, 1995) . Because NFT accumulation is tightly correlated with neurodegeneration and clinical symptoms (Jack & Holtzman, 2013) , the conventional memory processing model may imply that early specific cognitive impairment in content-and context-free memory may appear first in AD (Didic et al., 2011) .
| Study motivation
Considering the abovementioned studies, our research aims were as follows: (a) subtle but measurable structural changes exist in the gray (e.g., cortical thickness) and/or white matter (e.g., tract integrity) of subjects with SCD compared to normal controls; (b) based on Braak & Braak's staging for AD brain pathology and using neurodegeneration as a clinical proxy for underlying pathology extension, we hypothesize that the earliest atrophic changes will not occur in the hippocampus proper, but instead in other MTL subfield areas, such as the perirhinal and entorhinal cortices; and (c) accordingly, we assumed that the selective structural changes in the very early stage would affect corresponding memory processing.
| M E TH ODS

| Participants
We recruited subjects who visited the National Taiwan University Hospital memory clinic from 2015 to 2016 complaining of cognitive decline. These subjects first received a complete neuropsychological test (NPT), the details of which are described below. Subjects with cognitive decline complaints but normal neuropsychological performance (better than 21.5 SD of their age-and education-matched norm) were categorized as the SCD group (Molinuevo et al., 2017) . In contrast, subjects with abnormal performances in the NPT (defined as a performance that was lower than the 4th percentile compared with their ageand education-matched controls for more than one memory task; Lezak, Howieson, & Loring, 2004) but who were normal in other cognitive domains and activities of daily living (ADL) were defined as the aMCI group. Subjects with overt cognitive decline and ADL functional deterioration were defined as having dementia and were excluded from the study. The control subjects without memory complaints were recruited from an AD biomarker study, which investigated plasma biomarkers for AD. Hence the control subjects did not receive any medication or intervention prior to their participation in this study.
These healthy volunteers also underwent subsets of the Wechsler Memory Scale (WMS-III; Logical Memory (LM) and Family Picture (FP)) to assess episodic memory, the Mini-Mental State Examination (MMSE), and the Clinical Dementia Rating (CDR) scale, and showed performances on all tests better than 21.5 SD of their age-and education-matched norm. Subjects who were younger than 50 years of age or had a history of major neurological or psychiatric disorders (e.g., stroke, Parkinson's disease, schizophrenia, delusional disorders, major depressive disorder (MDD), or generalized anxiety disorder (GAD)) were excluded. In addition, subjects with evident depressive or anxious mood who did not satisfy the criteria for MDD or GAD were also excluded based on the Symptom Check List-90 (SCL 90). Subjects with severe medical illnesses were also excluded. In total, 43 subjects with SCD and 44 subjects with aMCI were recruited from the memory clinic. 
| Neuropsychological assessment
The complete neuropsychological assessment included the following: subtests of the Wechsler Adult Intelligence Scale-3rd Edition (WAIS-III), including a Taiwanese version for assessing intellectual functions (Chen & Chen, 2002; Wechsler, 1997) and a Word Sequence Learning Test for evaluating verbal learning ability (Hua, 1986) ; subtests of the WMS-III: LM and FP for assessing episodic memory (Hua et al., 2005; Wechsler, 1997) ; and the Benton Visual Retention Test (BVRT) for visual perception and visual memory (Benton, 1945) . Language function assessment included the Visual Naming, Semantic Association of Verbal Fluency (Hua, Chang, & Chen, 1997) , and Token tests (De Renzi & Vignolo, 1962) . Spatial perceptual function was assessed using 3-D Block Construction Models, while executive function was measured by the Modified Card Sorting Test (MCST) (Nelson, 1976) , the Trail Making Test (TMT) (Reitan, 1985) , and the Stroop Color and Word Test (SCWT) (Stroop, 1935) . In addition, the MMSE, Frontal Behavioral Inventory (FBI) and CDR (Kertesz, Davidson, & Fox, 1997) were all performed.
The LM subtest included two stories: A and B. The participants were read story A once and story B twice before being asked to repeat the stories verbatim as best they could. The examiner recorded the number of free recall units, and delayed recall (for stories A and B) was assessed 25-35 min later. These units represent the content in a given story, which is closely tied to contextual information. Therefore, the scores of the LM are considered to represent both content and contextual memory in an auditory form, designated as mixed content and contextual memory in this report.
For the FP subtest, we used a modified version with an established norm in the Taiwanese population. In this version, the instructions were slightly modified, and the character, location and activity subscores were extracted and calculated separately (Hua et al., 2005; Lai, 2012) . Participants were first instructed to recognize and memorize different family members (e.g., grandmother, grandfather, mother, father, son, daughter, and dog) who were first all shown in one picture and then shown separately in four subsequent scenes (picnic, department store, yard, and dining room) in which different family members were performing various activities in different locations. Each picture was shown to the participants for 10 s, and they were asked to memorize the details as much as possible. After being shown the four pictures subsequently, they were asked to freely recall the family member, the activity, and the scene quadrant on a same-size plain card with a 2 3 2 grid. After they answered, the participants were further encouraged by asking the modified question "What kind of else activities do you remember in this scene?" Delayed recall was assessed 25-35 min after the participant completed the immediate recall memory assessment by having them recall the details in all four scenes. The experimental instructions and questions in the delayed recall were identical to those in the immediate recall phase. The scoring principles in this modified edition were as follows: the character and activities were scored independently, even though the 2 answers could be mismatched. However, the location answer format was different. To avoid earning points by random guessing, points were awarded for location only when the location correctly matched the correct activity or character.
FP material is realistic in nature and designed to measure complex, meaningful, and visually representative information regarding daily life (Wechsler, 1997) . Although the FP technique is a widely used tool to assess visually presented episodic memories in clinical practice, the current scoring system could underestimate the memory ability of contextual information (Lezak et al., 2004) . Therefore, in this study, we divided the WMS-III FP subtest into location, character, and activity subscores to perform behavior regression analysis. The character subscore essentially represented content memory, constituting the "who" information (which family member). Although the location subscore itself represented contextual information, as mentioned above, the
location subscore point was awarded only if the correct location was matched with either the correct activity or character. Therefore, the FP location subscore represented either item-context association memory for the matched character-location answer (the "who" character) or content-context association memory for the matched activity-location answer (the "what" activity), thus designated as context association memory in a later part of this report. However, the utility of the FP activity subscore alone for clinical interpretation is relatively difficult and restricted, as activity is essentially an action carried out by an acting subject (the "who" character). According to Spencer and Raz (1995) , activity resembles content-bound contextual information. However, in our modified FP scoring rules, FP activity points were awarded regardless of whether the activity was matched with the correct character, thus emphasizing item (content) memory. In brief, the activity subscore could be considered components mixed with both contextual and content memory and are therefore designated as mixed content and contextual memory below. Furthermore, our literature review showed that dividing FP subscores-especially contextual information-is neuropsychologically meaningful and has been clinically validated in previous studies (Holley, Lineweaver, & Chelune, 2000) .
| Image acquisition and processing
| T1-weighted imaging
High-resolution structural brain magnetic resonance imaging (MRI) data were acquired using a 1.5 T MRI scanner (EXCITE, General Electric (GE), Milwaukee, WI, USA). A whole-brain T1-weighted 3D spoiled gradient recovery (SPGR) sequence was used (TE 5 9.4 ms, TR 5 3.9 ms, T1 5 600 ms, flip angle 5 128, matrix size 5 192 3 192, FOV 5 25 cm), and a total of 170 contiguous sagittal slices that were 1.3 mm in height were acquired. T1 images were processed using FreeSurfer suite, version 5.2 (https://surfer.nmr.mgh.harvard.edu). The image processing steps included motion correction and conformation, Talairach transform computation, intensity normalization, volumetric registration, white matter segmentation, per-hemispheric tessellation, and smoothing and inflation. These processing steps were followed first by spherical mapping and registration and then by cortical parcellation and mapping to subcortical segmentation (Fischl, 2012; Fischl et al., 2002) .
Then, we selected and extracted the cortical thickness data from 22 cortical brain areas per hemisphere and the volumes from the subcortical structures, including the bilateral amygdala and hippocampi, for further analysis.
| Diffusion-weighted imaging
Diffusion-weighted images were also acquired using the GE EXCITE scanner from the spin echo EPI sequence with 13 diffusion-encoding directions (b 5 1,000 s/mm 2 , TR5 9,325 ms, TE 5 86.8 ms, FOV 5 25 cm, matrix size 5 128 3 128). In total, 33 contiguous axial slices that were 3 mm in height were required (voxel size 5 2.03 3 2.03 3 3 mm 3 ) with NEX5 4. The diffusion-weighted images were processed using tools from the Functional Resonance Imaging of the Brain (FMRIB) Software Library (FSL) for DTI data (http://fsl.fmrib.ox.ac.uk/fsl/fslwiki). First, brain extraction with a fractional threshold of 0.2 was used, and an eddy current-related distortion correction was then applied. The FMRIB diffusion toolbox (DIT-FIT) was used to fit diffusion tensors and compute the fractional anisotropy (FA), mean diffusivity, axial diffusivity, and radial diffusivity in each voxel. Second, an FA map of each subject was eroded to slightly remove brain-edge artifacts and zero the end slices. Then, the 
| Quality control of the image processing
Previous studies comparing automatic segmentation using FreeSurfer and manual tracing, especially in the temporal areas, showed adequate agreement between these two measurements (McCarthy et al., 2015; Schwarz et al., 2016) . In addition, a histopathological study showed good agreement between histological-and FreeSurfer-estimated cortical thicknesses (Cardinale et al., 2014) . Furthermore, the structural and cognitive correlation results were not significantly different between these two methods (Cardinale et al., 2014) . However, for the purpose of quality control, we performed an exploratory study by randomly choosing 30 subjects (10 subjects from each group) to undergo manual-tracing editing on the FreeSurfer automatically segmented medial temporal structures. During the manual editing, some nonbrain structures such as bones or vessels were incorrectly included during the automatic segmentation using FreeSurfer (Supporting Information, C). However, the number of incorrectly included voxels was a very small portion of the MTL structures (Supporting Information, D). The variance between the automatic segmentation and manual-tracing segmentation was between 0.001 and 0.009, and the ICC were between 0.984 and 0.991. The regression plots show very good linearity (Supporting Information, E). We further generated Bland-Altman plots, and the analyses showed adequate agreement (Supporting Information, F).
Thus, good quality control was assured.
| Statistical analysis
The statistical analyses were performed using SPSS version 22 software (http://www.ibm.com/analytics/us/en/technology/spss/), and the demographic and clinical data are presented using descriptive statistics. Between-group differences for categorical data, such as gender, were assessed using the Chi-square test, whereas parametric data, such as age, education years and MMSE score, were assessed using one-way analysis of variance (ANOVA) with Bonferroni post hoc tests.
In terms of the neuropsychological tests, performances on the LM were evaluated as scaled scores (scaled to age-and education-matched norms), whereas the modified FP scores were evaluated as raw scores. Our aim was to compare brain structural differences between subjects with SCD and NC, while aMCI subjects were used as positive controls.
In addition, to explore the relationship between memory subcomponents and brain structures showing early diminution at the SCD stage utilizing FP subscores, we used stepwise linear regression analysis: three FP subscores (character, location, and activity) and the LM score were employed as the independent variables; brain structures and regions identified from the abovementioned MANCOVA were employed as the dependent variables (Model I), with age, education, and gender as covariates (Model II).
| RE S U L TS
| Demographic data
No significant between-group differences were observed in education years or gender distribution (Table 1) . Post hoc analyses showed there were significant between-group differences in age between the aMCI group and the NC (p 5 .002) and SCD groups (p < .001). In addition, post hoc analyses showed significant between-group differences in MMSE score between the aMCI group and both the NC and SCD groups (both p < .001).
| Neuropsychological performance
Among these three study groups, the aMCI group showed significantly impaired cognitive performance compared to the NC and SCD groups regarding the MMSE, LM, and FP subscores, and the sums of both immediate and delayed recall. However, the performances between between-group differences, both p < .001, Bonferroni post hoc showing significant pairwise between-group differences for both age and MMSE score were between aMCI and two other groups. Note. Abbreviations: aMCI 5 amnesic mild cognitive; FP: family picture; I 5 immediate recall; II 5 delayed recall; LM: logical memory; NC 5 normal control; SCD 5 subjective cognitive decline; WMS III: Wechsler Memory Scale 3rd version. For LM (scaled score), MANOVA was performed for between-group differences; for FP (raw score), MANCOVA was analyzed with covariates of age and education. a Further pairwise analysis showed the between-group differences were between MCI and both NC and SCD, all p < .001; no significant between-group differences were between NC and SCD (all p > .4, ranging from 0.409 to 0.936). Subcomponent: memory subcomponent, categorization based on previous literature and the results of this study. ; p 5 .024) in the aMCI group than in the subjects with SCD (Supporting Information, A).
| White matter integrity
The 
| Regression analysis between the memory tasks and brain structural changes
To delineate the relation between the medial temporal subfields and memory subcomponents, we performed a stepwise linear regression using each brain region that showed a significant difference between the NC and SCD groups as the dependent variable and the memory subscores on the LM and FP subtests of the WMS-III as the independent variables in Model I, and further included age, education, and gender as covariates in Model II.
| Cortical thickness
Regression analysis revealed that both left parahippocampal and perirhinal cortical atrophy were mostly related to the delayed recall location subscore of the FP subtest (Model I and II, p 5 .001, R 2 change 0.086 for left parahippocampus; Model I and II, p 5 .001, R 2 change 0.084 for left perirhinal cortex), which was designated as context association memory. Furthermore, left entorhinal cortical atrophy were also mostly related to the delayed recall subscore of the LM subtest (Model I and II, p < .001, R 2 change 0.154), which was designated as mixed content and contextual memory (Table 3 and Figure 2 ).
| White matter integrity
Regression analysis revealed that the left uncinate fasciculus integrity changes were mostly related to the delayed recall subscore of the FP activity subtest (Model I and II, p < .001, R 2 change 0.103), and those of the right uncinate fasciculus were mostly related to the immediate recall subscore of the FP location subtest (Model I and II, p 5 .021, R 2 change 0.044) ( Table 3 and Figure 2 ).
| D ISC USSION
| Diminution of cortical thickness in SCD and aMCI subjects
Our result showed cortical atrophy in medial temporal structures, including the bilateral perirhinal and parahippocampal cortices and the left entorhinal cortex, but not in the hippocampus or other limbic system structures, in the SCD group compared to the NC group, which is in line with previous results (Meiberth et al., 2015; Peng, Wu, Zhang, & Chen, 2015; Ryu et al., 2017; Schultz et al., 2015b ). In addition, some studies supported that reduced entorhinal cortical thickness is correlated with memory impairment and further cognitive decline in SCD patients (Jessen et al., 2006; Killiany et al., 2002; Rodrigue & Raz, 2004) . However, whether early hippocampal atrophy exists in SCD patients is still inconclusive. Some studies have shown that hippocampal volume reduction in SCD patients is associated with metabolic changes and longitudinal memory decline (Scheef et al., 2012; Stewart et al., 2008 Stewart et al., , 2011 , whereas others have disclosed only impending hippocampal volume reduction (Saykin et al., 2006) . In our study, hippocampal volume reduction appeared only when memory function had deteriorated to a clinically significant level (aMCI), which indicated the preclinical and transitional states of SCD in cognitive normal subjects at risk of transitioning from SCD to aMCI and AD. Our study complements the theory that neurodegenerative changes in the pathological progression of AD and topographical sequence in the NFT are initiated from the perirhinal and entorhinal cortices, causing initial cortical atrophy in these MTL subfields but not in the hippocampus (Braak & Braak, 1995) .
| Disintegration of the white matter tract in SCD and aMCI subjects
Our study revealed decreased mean FA values of bilateral uncinate fasciculi in subjects with SCD compared to those in cognitive normal subjects without memory complaints. In our literature review, studies focusing on white matter degeneration in SCD patients were relatively scarce, and their results were controversial (Sun, Yang, Lin, & Han, 2015) . The uncinate fasciculus is a long brain association tract connecting the lateral orbitofrontal cortex to anterior and medial temporal lobes, which is the latest white matter tract to mature in humans and is thus in accordance with the retrogenesis hypothesis that latemyelinated white matter fibers of the human brain are the most vulnerable to disease-related degeneration (Brickman et al., 2012) . Currently, this unique fiber has been found to be disintegrated in many abnormal emotional situations or psychiatric diseases, such as depression, empathy, reward, impulsivity, and developmental diseases (Oishi et al., 2015; Olson, Von Der Heide, Alm, & Vyas, 2015) . In addition, studies focusing on dementing diseases revealed that the integrity of the uncinate fasciculus, as determined by means of FA, is correlated with episodic memory and emotional recognition in aMCI subjects (Fujie et al., 2008; Morikawa et al., 2010; Remy, Vayssiere, Saint-Aubert, Barbeau, & Pariente, 2015; Serra et al., 2012) .
Our results showed altered white matter integrity of the bilateral hippocampal cingulum and fornix in the aMCI group compared with the SCD group, which is consistent with previous studies; these regions are white matter tracts closely related to memory encoding and retrieval (Alves et al., 2012; Bosch et al., 2012; Kiuchi et al., 2009; Yasmin et al., 2008). 4.3 | Relationship between mesial temporal subfields and memory subcomponents
| Entorhinal cortex
In addition to hippocampal research, research on the entorhinal-hippocampus connection revealed when the grid-cell was discovered in the medial entorhinal cortex (MEC) and explained the circuit mechanism related to place cell formation in the hippocampus (Hargreaves, Rao, Lee, & Knierim, 2005) . The entorhinal cortex is anatomically divided into two distinct parts, the MEC and lateral entorhinal cortex (Brickman et al.; Igarashi, 2016; Witter, 2004) . These two connected subfields of the entorhinal cortex were further validated in a neurophysiological (a, b) ; the left entorhinal cortex is related to the LM subscore (c); the left uncinate fasciculus is related to the FP activity subscore (d). Subjects in different group were represented with different symbols: circles for normal controls, plus signs for subjects with subjective cognitive decline and triangles for subjects with mild cognitive impairment human functional MRI study and in animal studies (Maass, Berron, Libby, Ranganath, & Duzel, 2015; Navarro Schroder, Haak, Zaragoza Jimenez, Beckmann, & Doeller, 2015; Reagh & Yassa, 2014; Schultz, Sommer, & Peters, 2012) . In addition, recent studies also revealed time information processing within the entorhinal cortex in terms of temporal association learning, which bridges the gap between discontinuous events, thus playing an indispensable role in in real life episodic memory (Esclassan, Coutureau, Di Scala, & Marchand, 2009; Hasselmo & Stern, 2014; Kitamura, Macdonald, & Tonegawa, 2015; Kitamura et al., 2014; Morrissey, Maal-Bared, Brady, & Takehara-Nishiuchi, 2012) . The LM test is a verbal memory task representing content and context (temporal, location and semantic) information in which participants are asked to memorize a short story involving a temporal series of events that are interconnected via semantic association in a given background that involves a subject in a special scene. Our results revealed that entorhinal cortical thickness variation was mostly related to LM performance on both sides, which is rational because the entorhinal cortex could represent mixed content and context memories due to its close reciprocal interconnection with the hippocampus. In addition, our result is consistent with previous studies revealing the association between entorhinal cortical thickness and verbal memory in both normal subjects and amnesic patients (Ezzati, Katz, Lipton, Zimmerman, & Lipton, 2016; Goto et al., 2011; Hirni, Kivisaari, Monsch, & Taylor, 2013; Peng et al., 2015) 
| Parahippocampal cortex
Corresponding to the postrhinal cortex in rats, the parahippocampal cortex has a robust reciprocal connection with the retrosplenial cortex, the MEC, and visual association cortex, wherein neurons have spatial properties (Burwell, 2000; Burwell & Amaral, 1998a,b; Burwell, Bucci, Sanborn, & Jutras, 2004; Naber, Caballero-Bleda, Jorritsma-Byham, & Witter, 1997; van Strien, Cappaert, & Witter, 2009 ). Using a mammalian study, Bachevalier et al. showed impaired spatial location ability in parahippocampal cortex-lesioned monkeys but not in perirhinal cortexlesioned monkeys (Bachevalier & Nemanic, 2008) . In human studies, parahippocampal cortex activity is increased during imaginary or virtual navigation and spatial learning tasks (Aguirre, Detre, Alsop, & D'Esposito, 1996; Maguire, Frith, Burgess, Donnett, & O'Keefe, 1998; Weniger et al., 2010) . However, recent human functional neuroimaging studies proposed that activation of the parahippocampal cortex is more related to contextual associations that are not restricted to location contextual information (Aminoff, Gronau, & Bar, 2007; Bar, Aminoff, & Ishai, 2008; Remy, Vayssiere, Pins, Boucart, & Fabre-Thorpe, 2014) , although this perspective still faces rigorous challenge (Mullally & Maguire, 2011; Remy et al., 2014) . To our knowledge, our study is the first to relate parahippocampal structural changes to memory subcomponent dysfunction in humans. Our result supports the idea that the parahippocampal cortex plays a role in context association memory regarding location information.
| Perirhinal cortex
According to the conventional model, the perirhinal cortex sends and integrates object information (content) to the hippocampus, but this simplified model remains challenged and debated. In recent studies, a single-cell animal lesion model used to acquire functional imaging data revealed that the perirhinal cortex extends beyond item-based memory information (e.g., familiarity memory, object-recognition), as it also contributes to item-context association memory (e.g., item-time, itemspace). The perirhinal cortex integrates item information with spatial or time contexts within which the item is presented and sends the information to the hippocampus via the entorhinal cortex (Lavenex & Amaral, 2000; Naya, 2016; Warburton & Brown, 2015; Watson, Wilding, & Graham, 2012; Yanike, Wirth, Smith, Brown, & Suzuki, 2009 ). Our study result supports the later idea, as cortical thickness of the perirhinal cortex was mostly related to the FP location subscore (contextual association memory of space), but not the character subscore, which represents mainly item-based memory (content). This finding indicates that a neural correlation of the perirhinal cortex is evident in both content and contextual memory but not in content-rich, context-free memory.
| Relationship between uncinate fasciculi and memory subcomponents
Nonhuman primate studies revealed that object-place task performance was impaired in uncinate fasciculus-transected monkeys, which implies that the uncinate fasciculus plays an important role in objectplace association memory (Browning, Easton, Buckley, & Gaffan, 2005; Browning & Gaffan, 2008) . In human studies using diffusion-weighted imaging, Thomas et al. demonstrated the integrity of the left uncinate fasciculus to be correlated with association learning of face-and-place, while the right uncinate fasciculus was correlated with retrieval (Thomas, Avram, Pierpaoli, & Baker, 2015) . A study by Sato et al. revealed visual memory to be well correlated with the FA of the left uncinate fasciculus using a revised WMS memory test (Sato, Maruyama, Hoshida, & Minato, 2012) 
| Study limitations
Our study was not without limitations. First, because this was a crosssectional study, we could not interpret whether structural changes in the SCD group would have a causal relationship with future cognitive performance nor did we have information about the speed of the progression of the observed cortical atrophy in these temporal subfield Second, subjects who are self-aware of cognitive decline may have certain degrees of anxiousness or depressiveness. In this study, although we did not formally evaluate the anxiety and depression levels of the subjects, we did apply the Symptom Check List-90 (SCL 90) to exclude subjects with clinically evident anxiety or depression psychopathology.
Third, although we performed quality control procedures for our imaging processing, the cortical thickness measurements of the MTL brain structures may not be exact. In fact, cortical thickness can be estimated only using MRI, even with the help of manual tracing. As the focus of this article is to elucidate the relation between brain structure (atrophy of the medial temporal subfields) and cognitive function (decline in subcomponents of memory function), a good estimation is sufficient.
| C ONC LUSI ON
Although cognitively normal subjects complaining of memory dysfunction performed normally in the clinical neuropsychological assessment, diminution of their cortical thickness over the mesial temporal subfields corresponded to brain areas with early NFT deposition. In addition, their uncinate fasciculi showed early integrity degradation at the SCD stage. For these brain structures with early diminution, the parahippocampal cortices were shown to contribute to visual context association memory. In contrast, the entorhinal and perirhinal cortices, along with the uncinate fasciculus, were closely associated with both content-and context-rich memory, representing its close reciprocal connections with the hippocampus, other mesial temporal structures and association neocortices. Thus, we proposed that context association memory and content-bound contextual memory are more vulnerable in the clinically silent stage of SCD.
The strength of our study was that we delineated early cortical atrophy areas and their relationship with different memory subcomponents in SCD patients using a modified clinically available neuropsychological assessment tool (subtests of WMS-III). We segregated an FP scoring system and validated three subscores corresponding to different memory subcomponents that were supported by neuroimaging findings.
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